Any surgical procedure that disrupts the integrity of the globe can lead to exogenous endophthalmitis (cataract, glaucoma, retinal, radial keratotomy, keratoplasty). Although uncommon, endophthalmitis can also result from keratitis, an infection of the cornea that, if left untreated, can result in corneal perforation and intraocular seeding of organisms.
There are many classifications of endophthalmitis, but the most commonly recognized categories are the following: postsurgical: acute, and delayed or chronic; post-traumatic; and bleb-related. Postoperative infectious endophthalmitis that occurs within 6 weeks of surgery is classified as acute. The most commonly cultured micro-organism is Staphylococcus epidermidis, which is less virulent than the others. Propionobacterium acnes and fungi, commonly considered among the causes of more delayed onset infections, may also cause acute infections. Bacillus sp. are rarely associated with postoperative endophthalmitis.
Postoperative endophthalmitis that presents more than 6 weeks after surgery is classified as chronic. This definition is arbitrary because the time of onset can be influenced by the use of anti-inflammatory medications, host characteristics, and, in the case of infectious endophthalmitis, the virulence of the offending organism and the inoculum size. The most commonly cultured organisms include S. epidermidis (and other coagulase-negative EVS ylococcus sp.), P. acnes, fungi (primarily Candida sp), anaerobic Streptococcus sp., Actinomyces sp. and Nocardia
asteroides. P. acnes endophthalmitis is usually a delayed-onset infection.

Epidemiology
Postoperative endophthalmitis has been reported following nearly every type of ocular surgery. It occurs most frequently following cataract surgery, the most commonly performed type of ocular surgery. The overall incidence of postcataract surgery endophthalmitis in the US, using modern techniques of phacoemulsification and intraocular lens (IOL) implantation, is about 0.1 %. [3] [4] [5] [6] In the US, postcataract endophthalmitis is the most common form, which has increased from 1992 to 2003, maybe secondary to the transition from the scleral incision to the clear cornea incision.
On the contrary, from 2003 to 2014 it was observed a reduction of the infections from 0.189 % to 0.097 %. Although this is a small percentage, large numbers of cataract operations are performed each year, making the likelihood of physicians encountering this infection higher.
The incidence following other types of intraocular surgery has been reported to range between 0.03 % and about 0.2 % 7-10 (see Table 1 ). In general, those procedures with a higher risk for acute postoperative endophthalmitis (secondary IOL implantation and penetrating keratoplasty)
are those with a greater potential for wound leaks with subsequent intraocular bacterial contamination.
Postoperative endophthalmitis can be infective or sterile. The sterile types are postoperative intraocular phlogosis with sterile hypopyon. They can be caused by toxic, irritant, and immunologic agents in the absence of infective factors (dubious 15 %, bacterial 70 %, negative 15 %). Infective postoperative endophthalmitis can be due to bacteria 90 %, fungi 8-16 %, rarely to helminthes and protozoans. [11] [12] [13] Fungal endophthalmitis are more commonly due to Candida albicans, and more unusually to Aspergillus.
Generally, fungal endophthalmitis arises slowly and insidiously during the 2 to 4 weeks following the surgical procedure. Postoperative endophthalmitis is the most common cause of the disease. Of these cases, Gram-positive organisms account for almost 90 %, of which the majority are coagulasenegative Staphylococcus from the natural conjunctival flora (see Table 2 ).
The etiological agents of acute postoperative endophthalmitis are generally micro-organisms of the eyelid margin and preocular tear film.
Although preoperative topical antimicrobial agents can decrease colony counts in the tear film, they do not sterilize the area. In one study, 14 culture of aqueous fluid immediately following cataract surgery revealed a 9 % culture-positive rate. Presumably, low inoculum levels and/or low pathogenicity combined with the innate ocular defences against infection explain the low rate of clinical infection despite the relatively high prevalence of micro-organisms in the eye following surgery. In most series from the US, coagulase-negative staphylococci are responsible for about 70 % of postcataract surgery endophthalmitis, followed by S. aureus (10-20 %), viridians group streptococci, other
Gram-positive micro-organisms, and Gram-negative micro-organisms. [13] [14] [15] Enterococci (3 %) are notable among the Gram-positive micro-organisms both for prevalence and severity of disease. 16 When surgery is implicated in the cause, endophthalmitis usually begins within 1 week of surgery, but may occur months or years later as in the case of P. acnes. This delayed infection is likely due either to sequestration of low-virulence organisms introduced at the time of surgery or to delayed inoculation of organisms. In the former case, P. acnes is the most common micro-organism encountered, and clinically evident low-to moderategrade inflammation may occur weeks to months after surgery. 17 In cases with delayed inoculation of micro-organisms, organisms gain access to the eye through wound abnormalities, suture tracks, or filtering blebs. The most common clinical situation involves antecedent glaucoma-filtering surgery. In addition to reflecting the colonization of the preocular tear film, delayed infection of this type is associated with a higher prevalence of streptococcal species. Also a penetrating trauma is an evident risk factor for endophthalmitis. [17] [18] [19] Eyes with apparent infection may not grow out bacteria when appropriately subjected to culture. Table 3 .
Patients may require enucleation to eradicate a blind and painful eye.
Mortality is related to the patient's comorbidities and the underlying medical problem, especially when considering the etiology of hematogenous spread in endogenous infections. An association appears to exist between the development of endophthalmitis in cataract surgery and P. acnes in patients aged greater than or equal to 85 years.
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Laboratory Studies
The most important laboratory study for endophthalmitis is Gram stain and culture of the aqueous and vitreous obtained by the ophthalmologist.
The possibility of isolating a micro-organism from the vitreal is 56-70 %, whereas it is 36-40 % from the AC humor. Routine cultures should include aerobic, anaerobic, and fungal cultures. Once the diagnosis has been made, or strongly considered, prompt referral to an ophthalmologist is needed. 22 The clinician must be alerted to the possibility of a diagnosis of endophthalmitis from the clinical findings. In eyes with greater than expected intraocular inflammation based on the clinical setting, a high degree of suspicion is important. Failure to appreciate the potential severity of the problem may delay diagnosis. If endophthalmitis is suspected, frequent observation versus active intervention must be chosen. In some instances it may be appropriate to initiate anti-inflammatory therapy and monitor the patient two-to three-times daily until the clinical course becomes clear.
For unequivocal diagnosis samples of the aqueous and vitreous must be obtained for culture, sensitivity, and stain using the techniques described below. Samples from the vitreous are more often positive than samples from the aqueous. 23, 24 Vitreous samples obtained from a tap/biopsy are positive as frequently as those obtained using vitrectomy. 16 Undiluted vitreous and aqueous may be placed on the following media for culture:
enriched thioglycolate liquid medium, chocolate agar, and Sabouraud's agar. Anaerobic cultures typically use either thioglycolate-enriched broth or blood agar enriched with hemin and vitamin K. In some institutions, material from the vitreous cassette after vitrectomy is filtered through a 0.45 μm membrane filter. The filter is subsequently divided into three pieces under sterile conditions and used for culture. 25 Stains are prepared from AC and vitreous specimens. In the EVS, the findings of a positive
Gram stain were associated with significantly worse final media clarity and visual acuity. The Gram stain result did not reveal any subgroups in which vitrectomy had a beneficial value and therefore was of little consequence in making initial therapeutic decisions. 26 In the EVS there was no difference in the positive rate for culture between samples obtained by tap and those obtained by vitrectomy. In addition, there was no significant difference in operative complications between the two methods.
Treatment of Postoperative Endophthalmitis
Treatment depends on the underlying cause of endophthalmitis. Final visual outcome is heavily dependent on timely recognition and treatment.
Although multiple different approaches to and advances in treatment have been made, according to recent data, the rate of preservation of visual acuity has not changed significantly since 1995. 26 Emergency consultation is necessary if this diagnosis is suspected. This is an ophthalmologic emergency because the patient is in danger of losing Despite these uncertainties, systemic and intravitreal corticosteroids may be beneficial and are unlikely to be harmful.
Chronic Postoperative Endophthalmitis
If inflammation is not severe, therapy can be delayed until smear, culture, and sensitivity data are available from aqueous samples. 
Choice of Antimicrobial Agent
Since endophthalmitis therapy must be initiated urgently, the identity of the organism is unlikely to be known at the time the antimicrobial agents must be chosen. The vast majority of endophthalmitis infections are Gram positive in origin. 26, 28 As already noted, the clinical setting often determines which organisms are more likely to be present. As it is almost impossible initially to rule out Gram-negative organisms as the cause of most infections on clinical examination, broad-spectrum antibiotic coverage is usually chosen. 29 In practice, this usually means empirical treatment with two separate antimicrobial agents as the initial choice. Unfortunately, clinical features of infection and culture results often do not correlate adequately to guide the choice of antibiotics upon presentation. 30 Furthermore, despite coverage with broad-spectrum antibiotics, visual loss remains a common result. 26, 31 An outcome of endophthalmitis management is likely due to several factors, including the responsible pathogen, the patient's age, the duration between injury and treatment, the therapy chosen, and the condition of the eye upon presentation. Clinical and experimental studies have firmly established that delay in therapy will result in poor visual outcome, especially in severe cases of endophthalmitis.
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The recommended management of bacterial endophthalmitis includes direct injection of antibiotics into the vitreous. 34 Virtually all postcataract surgery endophthalmitis isolates are sensitive to one or both agents. 38 Many clinicians prefer to substitute ceftazidime for amikacin because of the well-recognized destructive retinal microvasculitis that may occur as a dose-dependent toxicity of aminoglycosides. [38] [39] [40] The spectra and sensitivities of ceftazidime and amikacin are similar for most ocular isolates. Therefore, the two most commonly used combinations are vancomycin and amikacin or vancomycin and ceftazidime.
In postoperative endophthalmitis, parenteral therapy is not necessary unless evidence of infection exists outside the globe. The use of systemic antibiotics does not represent an advantage for final visual recovery.
In other forms of endophthalmitis, broad-spectrum antibiotics should be administered once cultures have been obtained. An ophthalmologist usually administers intravitreal and subconjunctival injections. The systemic antibiotics given below can be administered in conjunction with injections.
Despite broad-spectrum antibacterial activity, fluoroquinolones are not widely used for direct intraocular administration, due, partly, to possible toxicity concerns. 41, 42 The emergence of antibiotic-resistant organisms, particularly vancomycin-resistant Gram-positive pathogens, e.g. Enterococcus faecalis and potentially S. aureus, may affect future therapeutic design.
Anti-inflammatory Agents
Although an ocular inflammatory response is vital for the clearance of organisms during infection, this response can induce bystander damage to sensitive neurologic tissues. The ocular inflammatory response to intravitreal Gram-positive organisms is induced by growing organisms as well as metabolically inactive organisms, whole cell walls, and cell wall components. 43, 44 Intravitreal injection of Gram-negative lipopolysaccharide induces inflammatory-cell infiltration and protein leakage into the aqueous humour. 45, 46 Antibiotic-induced release of cell walls or their components may therefore exacerbate intraocular inflammation during endophthalmitis treatment. The phenomenon of antibiotic-induced inflammation is similarly well established in animal models of otitis media and meningitis. For meningitis, adjunctive use of corticosteroids has been shown to effectively suppress inflammation. 47 However, for the treatment of endophthalmitis, reports on the benefits of corticosteroid administration have been contradictory and, as a result, the use of intravitreal steroids to treat bacterial endophthalmitis remains controversial. In experimental models of bacterial endophthalmitis, concomitant administration of dexamethasone was reported to be beneficial, 48 ,49 had no effect, 50, 51 or was detrimental to infection outcome. 52 Despite these conflicting results, dexamethasone is frequently used as an adjunct to antibiotic therapy in endophthalmitis.
Empirical antimicrobial therapy must be comprehensive and should cover all likely pathogens in the context of the clinical setting. in human infected eyes has demonstrated persistent therapeutic levels for 3 to 4 days after initial injection, 53, 54 in animal studies the half-life suggests that therapeutic concentrations should be maintained for only about 48 hours after intravitreal injection. 55, 56 Creatine clearance should be used to adjust dose in patients with renal impairment.
Gentamicin
Gentamicin (Gentacidin®, Garamycin®) provides empirical coverage for
Gram-negative organisms, including P. aeruginosa. 57 It is the first choice aminoglycoside for systemic Gram-negative coverage and is a bactericidal inhibitor of protein synthesis (30S ribosomal subunit).
Ceftazidime
Ceftazidime is a third-generation cephalosporin with broad Gram-negative coverage but decreased efficacy for Gram-positive organisms. In the treatment of candidal endophthalmitis oral fluconazole is indicated.
Amphotericin B intravenously or intravitreally may be considered, in association with cycloplegic drops (i.e. atropine).
The limitations of intravenous amphotericin B include required hospitalization, severe ocular inflammation, and numerous systemic adverse effects such as nephrotoxicity, fever, rigors, and hypotension.
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Triazole Agents
Fluconazole is an older-generation triazole that has been used systemically as a supplement or alternative to amphotericin B, but it lacks the broad spectrum of coverage necessary for the most commonly encountered fungal species in eye disease. Furthermore, intraocular penetration is marginal. 61 Itraconazole is rarely used in the treatment of ocular fungal eye infections as it lacks a broad spectrum of coverage, specifically against Fusarium sp. The addition of gentamicin and vancomycin to the irrigating fluid during phacoemulsification results in a highly significant reduction in the microbial contamination of AC aspirates. 64 Also, many studies have proved the efficacy of intracameral antibiotics in the prevention of postoperative endophthalmitis. Intracameral bolus injection of cefazolin (1 mg in 0.1 ml solution) and also intracameral cefuroxime 1 mg at the end of cataract surgery have been shown to reduce the rate of postoperative endophthalmitis without toxic effects on the cornea or retina. 65 The type of IOL material, and whether it is foldable or not, has a significant influence on the incidence of endophthalmitis. Injectable
IOLs are associated with the lowest risk for postoperative endophthalmitis (0.028 %). This lower rate of endophthalmitis with injectable IOLs is due to the ease of insertion and noncontact with the ocular surface. 66 It has been shown that implanting a heparinized IOL may also reduce the chances of endophthalmitis. 67 Hydrophilic polymer surfaces (hydrogel and probably hydrophilic acrylic) are useful in avoiding the development of bacterial colonies (S. epidermidis strains). These lenses either inhibit or delay bacterial colonization. 68 Prophylactic subconjunctival antibiotic 
